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Structural Basis of Rho GTPase Recognition by (3 Exoenzyme {7~ Acoeptor amino acid
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C3 exoenzyme is a mono-ADP-ribosyltransferase (ART) that catalyzes the transfer of an ADP-ribose moiety from NAD* Ra& 1 EQAE_ ,ECVSYTTN?\%GEsﬁNéﬁiggngG 67
to RhoA. C3 has long been used to study the diverse regulatory functions of Rho GTPases, however, the substrate SELACINN Mok TR KEVUV G DGAYGK T C LL IRNAMIEIT PR VIUP TV FINN Y NiugC IS L IO LIND TAGOED Y DR L NCH
recognition and reaction mechanism are poorly understood. We report crystal structures of C3-RhoA complex. These o a0 vo mfw'tcm 1o 'meri";'tsh 130
structures reveal that C3 recognizes RhoA via switch |, switch 1l and interswitch regions. The ARTT-loop of C3 is the T - P LS Y Pl D VEILTICF SIS Pl S 9E NF LK We P EGLSHIC Pl PLifi NKKEIAINDE ERRREPAKMEOER 138
key to target recognition. Based on the structural information, we successfully changed Cdc42 to active substrate with Rac1 IERPLSYPTD VIJLEICF SIS PIASIYE NIIIK WY P NI H):I C PIAMK P itis TKLPFGIDIK DY TEKIFKEK)SL T) 136
combined mutations in the C3-Rho GTPase interface. The structures serve to bridge the gap among independent stud- Cdc42 68 VLCFS VERLSEIFLIIVIK ELQU VI ITLIHISSK THFIL TOTLISSDRIP SHT EKISAKNISOKY 136
ies of Rho GTPases and C3. 140 150 160 170 10 190
RhoA 139 VKPEEGRDMEINRI|GEF GRAMjASFAKUNK D(e/VRE EMINTREAAIMQARRGK . KJ{SGELVL 193
ADP-ribosylation is an important post-translational ture of NADH-bound C3-RhoA(GTP) (Fig. 1A) [2]. Using Rac1 137 ITYPOGLAMQKETGIIVKMLIIGIILEORGLKTESDERT RJVIICPPPVKKRIGRKGLLL 192
i o } ) ) Cdc42 137 ITPETAEKLERDLKENWRYVIAEFNLE{OR[ET KNVAIDELNT LEAAMMEPPETQ . PIRK[HCIF 191
protein modification known to be catalyzed by bacterial the same approach with C3-RhoA(GTP), we obtained
toxins as well as eukaryotic endogenous ARTs. Based the structure of NADH-C3-RhoA(GDP). C3 recognizes B C insertion +5RBA +5REK none
on their target specificity, bacterial ARTs are traditionally RhoA via switch I, switch Il and interswitch regions (Fig. EEAW F 3 & % e £l F £ 4
classified into several types. C3 exoenzyme and binary 1A). Interestingly, within the structures of both NADH- S| DpaE + o+ o+t R + o+
toxin enzymatic unit (la) ADP-ribosylate RhoA and ac- C3-RhoA(GTP) and NADH-C3-RhoA(GDP) complexes, B B B ‘*5 T54E + 4+ o+ o+ + o+ 4+ + + o+
tin, respectively, however, there is prominent structural the switch regions adopted the same conformations as 2L I gsd g A43V + + + +
similarity between C3 and la. Han et al. proposed that the switch | of GDP conformation and switch Il of GTP SeXuw>wLs G56W +
the bipartite ADP-ribosylating toxin turn-turn (ARTT)- conformation, respectively. This explains that bacte-
loop, which consists of turn 1 and turn 2, is responsible rial C3 exoenzyme ADP-ribosylates both the GTP- and GST-RhoA » | GST-Cdc42 » - ] - —
for substrate recognition, and is thus crucial for the ART GDP-bound forms of RhoA and utilizes the flexibility of

activity of C3-like exoenzymes and binary toxins [1].
However, the recognition by ARTT-loop of C3 has never
been directly verified, because the structure of a C3-like
ART in complex with a protein substrate has never been
determined.

We determined the crystal structure of apo (NAD*-
free)-C3 (Bacillus cereus: C3cer) complexed with
human RhoA(GTP). By then soaking the apo-C3-
RhoA(GTP) crystal with NADH, we obtained the struc-
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the switch regions of RhoA.

Within the ARTT-loop of C3-like ARTs, (i) a con-
served aromatic residue (C3bot1:Phe169/C3cer:Tyr180)
in turn 1 has been thought to recognize substrate RhoA
via a hydrophobic patch around the acceptor amino acid
residue in RhoA (Asn41), and (ii) GIn (C3bot1:GIn172/
C3cer:GIn183) in turn 2 has been thought to be essen-
tial for interaction with Asn41 (Fig. 1B). Actually, within
the complex’s structure, Tyr180 of C3cer interacts with a
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Figure 1: (A) Structure of NADH-C3-RhoA(GTP) complex, (B) Sequence alignment of the ARTT-loop of RhoA-specific C3 exoenzymes and
actin-specific ARTs (la and C2-), (C) Tyr180 on ARTT-loop recognizes the hydrophobic patch of RhoA. GIn183 on ARTT-loop recognizes the

modified residue Asn41 of RhoA.
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Figure 2: (A) Sequence alignment of RhoA, Rac1 and Cdc42, (B) ADP-ribosylation of RhoA single point mutations, (C) ADP-ribosylation of

Cdc42 combined mutations.

hydrophobic patch on RhoA composed of Val43, Ala56
and Trp58, and the hydroxyl group of Tyr180 forms a
hydrogen bond with the main-chain carbonyl group of
Leu57 (Fig. 1C). Importantly, Asn41 formed a hydrogen
bond with GIn183 in the QXE-motif within the ARTT-
loop of C3cer (Fig. 1C). This interaction was conserved
in all forms, apo C3-RhoA, NADH-C3-RhoA(GTP), and
NADH-C3-RhoA (GDP). This is the first experimental
evidence that the glutamine of the QXE-motif directly
selects Asn for the ADP-ribosylation.

In la and C3-like ARTs, a common mechanism has
been proposed by which the target protein is recog-
nized using the ARTT-loop: a turn 2 residue (Glu378
in la’s EXE-motif and GIn183 in C3cer’'s QXE-motif)
interacts with the target residue (Arg177 in actin and
Asn41 in RhoA) and an aromatic residue (Tyr375 in la
and Tyr180 in C3cer) in turn 1 interacts with the region
of actin or RhoA (Fig. 1B) [1]. However, the recognition
by the ARTT-loop has not been observed within the la-
actin complex [3, 4]. For la, the ARTT-loop recognition
may occur transiently during the ADP-ribosylation and
the transition from the pre- to post-ADP-ribosylation
state.

C3-like ARTs modify RhoA but not Cdc42 or Racl,
despite their high amino acid identities. The interaction
between the modified Asn41 of RhoA and GIn183 of
C3cer is crucial for binding, but Asn41 does not explain

the specificity of the C3-RhoA interaction because not
only RhoA but also Rac1 and Cdc42 contain asparagine
at the same position. Based on the complex structure,
we successfully changed Cdc42 to an active substrate
of C3cer by introducing four combined mutations (D40E/
A43V/T54E/F58W) on switch | and interswitch regions
(Fig. 2).

These findings are also useful for understanding the
interaction with their substrate of other bacterial ARTs
including cholera toxin, mammalian mono-ARTs and
mammalian poly-ARTSs.
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